ABSTRACT In view of the lack of objective information on work performance in asthma, a progressive incremental exercise test was carried out in 44 subjects with mild to moderate asthma and 64 normal, healthy subjects matched for habitual activity, to compare cardiorespiratory fitness and to determine the relative contribution of airflow obstruction to exercise limitation. The two groups achieved similar maximum heart rates (mean (SD) 176(12) and 175(10) beats/min). After allowance for confounding factors the asthmatic subjects had a lower maximum oxygen consumption (Vo2 max) (by 199 ml min-) than control subjects. Having asthma also accounted for a significant reduction in anaerobic threshold (125 ml min-') and oxygen pulse (0-805 ml/beat). There was no correlation of FEV1 with V02 max, anaerobic threshold, or oxygen pulse either before or after bronchodilator. The dyspnoea index (VE/MW%) was increased in the asthmatic subjects at peak exercise, but was less than 60% in all subjects at a workload that produced 75% ofthe predicted maximum heart rate. Thus the asthmatic subjects had a maximum heart rate similar to that of normal subjects but the low Vo2 max, anaerobic threshold, and oxygen pulse suggest suboptimal fitness, which was not directly due to airflow obstruction. All had sufficient ventilatory reserve to allow toleration of training at a work intensity adequate to permit improvements in cardiovascular fitness.
Introduction
People with asthma have a wide range of disabilityfrom the requirement of competitive athletes for minimal treatment, allowing unrestricted participation in sport, to the steroid dependence of patients with severe and persistent airflow limitation. In between are many patients with moderate airflow limitation who experience frustration in relation to exercise and often lack specific advice about exercise from physicians. An informal survey of our own and our colleagues' practice in this respect confirmed that, beyond advising the use of a beta2 selective agonist before exercise, encouraging swimming,' and warning them to avoid conditions apt to produce exercise induced asthma,2 a conservative approach is usually adopted: patients are encouraged to use commonsense and remain alert to the development of respiratory complaints-at which point, they are told, exercise should cease. There is a lack of objective information regarding the contribution of airways obstruction to exercise performance in these patients and consequently difficulty in answering the question "How much exercise can and should be undertaken ?" This study has used progressive incremental exercise testing to determine work performance, the contribution of respiratory factors to exercise limitation, and the likely capacity for endurance training in a group of patients with well controlled asthma of moderate severity.
Methods

SUBJECTS
The asthmatic subjects were 44 non-smoking patients (20 male, 24 female) with chronic stable asthma of moderate severity. All subjects required regular prophylactic treatment, had reproducible airways obstruction when treatment was withheld, and had had no recent exacerbation of asthma or admission to hospital. In all cases the provocative concentration of histamine causing a 20% fall in FEV, (PC20) was less than 8 mg/ml according to the method described by Hargreave et There was no significant difference in mean (SD) heart rate during maximum exercise between the asthmatic (176 (12) beats/min) and the control subjects (175 (10) beats/min). Mean Vo2 max and the oxygen pulse were significantly lower in asthmatic than in control subjects for men but not for women. The dyspnoea index (%) was significantly higher in the asthmatic subjects during maximum exercise (61 (19) v 49 (10); p < 0'001) and also at the submaximal work load producing 75% of the predicted maximum heart rate (34 (15) v 25 (6); p < 0-001).
The three "cardiovascular fitness" variables-Vo2 max, anaerobic threshold, and oxygen pulse-were significantly lower in both men and women with asthma than in control subjects according to multiple regression analysis. Asthma predicted maximum heart rate (see under "Methods" for details of definitions).
group (SEE 27-03, r 0 88), where ASTHMA = 1 for asthmatic and 0 for control subjects and SEX = 1 for females and 0 for males.
The anaerobic threshold was 125 ml min-' lower (p < 0-001) and oxygen pulse 0 805 ml/beat lower (p < 0-001) in the asthmatic than in the non-asthmatic subjects.
Within the asthmatic group there was no linear correlation between FEV, before or after bronchodilator and the "cardiovascular fitness" variables Vo2max, anaerobic threshold, or oxygen pulse, whether FEV, was expressed in absolute terms or as percentages of predicted values. Once age, weight and sex had been taken into account, there was no separate contribution from FEV, to these variables. A relatively poor correlation was found between postbronchodilator FEV, and dyspnoea index at peak exercise (r -0 53, p < 0-001: fig 1) . There was no fall
The progressive incremental exercise test used in this study provides anaerobic threshold and oxygen pulse as "cardiovascular fitness" variables89 in addition to Vo2 max, which is currently recognised as the best overall determinant of cardiorespiratory performance.9 Simultaneous measurement of minute ventilation also allows an analysis of the interrelation of the ventilatory response to exercise with the cardiovascular response. Contrary to the expectation of the asthmatic subjects that their condition would not permit exercise of high intensity, they achieved a maximum heart rate with progressive incremental exercise similar to that of control subjects. We might therefore expect a similar degree offitness because our subjects were matched for lifestyle and asthma was apparently not a limiting factor. The three measures of "cardiovascular fitness," however-Vo2 max, anaerobic threshold, and oxygen pulse-were all significantly lower in the asthmatic subjects. If we assume that the FEV, before bronchodilator administration represents the severity of airflow obstruction, then the lack of correlation with these measures of fitness in the asthmatic subjects suggests that factors other than the severity of asthma are responsible for their lack of fitness. The fitness measures also failed to show a correlation with postsalbutamol FEVY, which may better represent average daily lung function. In this study nebulised salbutamol was given to the asthmatic subjects but not to the control subjects and we cannot therefore exclude an effect of the drug on our findings. Beta2 selective agonists given intravenously and orally produce several metabolic changes, including an increase in glucose, insulin, lactate, and pyruvate.'°" These changes were not, however, seen in a study using nebulised salbutamol.'2 Furthermore, IngemannHansen et al,'3 using an exercise protocol similar to ours in asthmatic subjects, found no effect of 5 mg nebulised salbutamol (by comparison with nebulised saline) on maximal oxygen consumption or oxygen pulse at peak exercise. There was also no significant difference in the metabolic response to exercise, including plasma pH and bicarbonate concentrations. We conclude that the administration of nebulised salbutamol is unlikely to explain our results and that the reduction in oxygen pulse is likely to be due to lack of fitness, particularly as this measure agrees with the other "cardiovascular fitness" measures. The reason for the poorer level of fitness in the asthmatic subjects is a matter for speculation. The subjects were young adults and possibly in early adolescence their asthma had been much worse, so that they were less able to carry out exercise and hence developed a sedentary lifestyle. Alternatively, they may have a more fundamental and continuing aversion to exercise as a result of longstanding asthma, '4 15 perhaps compounded by the lack of advice from physicians and school physical education teachers. '6 Even for the normal, healthy individual exercise will improve aerobic fitness only if certain criteria for its intensity, frequency, and duration are consistently fulfilled ovej several months. The recommended guidelines'7 suggst a workload that produces about 75% of the predicted maximum heart rate for 20 minutes at least three times a week. In those with asthma the underlying obstruction may limit exercise tolerance ifthere is inadequate ventilatory reserve. It is not clear how individuals should determine the extent of their ventilatory reserve and how the recommended Clark, Cochrane guidelines should be adapted to their own circumstances. These uncertainties may deter even well motivated individuals from taking exercise. High levels of minute ventilation close to the MW can only be tolerated for a short time because ofbreathlessness. This principle is used routinely in progressive incremental exercise testing, where the relationship VE/MW during maximal exercise is used to identify "Srespiratory limitation."5 The potential contribution of reduced ventilatory reserve to intolerance of the submaximal exercise necessary for endurance training was shown in a study that measured the endurance time for various levels ofminute ventilation in relation to the MW by using voluntary isocapnic hyperventilation.'8 As minute ventilation fell to 60% of MW endurance time rose to about 15 minutes. At this point in the relationship the "asymptote," the tangent to the curve of minute ventilation versus endurance time, "extended to infinity." Lower levels of ventilation were comfortable and could be sustained continuously. The importance for endurance training in the person with asthma is that for a given frequency and intensity of exercise the ventilatory reserve will detero mine the duration of exercise and -therefore the potential for achieving a training eitct. This is illustrated schematically in figure 2. Sector A represents the case where exercise intensity{max heart rate < 75% predicted) is inadequate for aehieving a training effect. Patients who choose this pattern of performance, because they misinterpret the perceived severity of more strenuous exertion as being due to their underlying condition, will fail to improve fitness, despite adequate ventilatory reserve, regardless of the duration of exercise sessions. Sector B represents the case where the patients choose an adequate exercise intensity and have enough ventilatory reserve (low E/ MW%) to allow the necessary duration ofexercise to achieve a training effect. This was the pattern seen in our study group, as the dyspnoea index was below 60% in all the asthmatic subjects at a submaximal workload that produced 75% of the predicted maximum heart rate. In sector C the duration ofexercise at high workloads is impaired by inadequate ventilatory reserve. In sector D inadequate ventilatory reserve at low workloads makes even mild exercise difficult and precludes a training effect.
As asthmatic patients relying solely on subjective response may be unable to determine the appropriate level of exercise and as resting lung function will not predict exercise ventilation accurately, we conclude that there may be a need for objective exercise testing as the basis for training. A modified incremental exercise test using the principles outlined in this paper with emphasis on measurements of heart rate and minute ventilation may have practical application in allowing individual exercise prescription for asthmatic 748 Work performance heart rate (% pred)
